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57 ABSTRACT

For the purpose of producing an alumina composite in which
the integrity between alumina and an inorganic material is
further improved, a dispersion liquid preparation step, a
solidification step and a burning step are performed, wherein
the dispersion liquid preparation step comprises preparing a
dispersion liquid in which an inorganic material such as a
carbon material is homogeneously dispersed in an alumina
raw material solution having an organic additive dissolved
therein, the solidification step comprises drying the disper-
sion liquid to produce a solid raw material, and burning step
comprises burning the solid raw material in a non-acidic
atmosphere while contacting hydrogen chloride with the
solid raw material. In this manner, an alumina composite can
be produced, in which at least a portion of an inorganic
material such as a carbon material is embedded in the inside
of each of a-alumina single crystal particles the constitute
alumina particles.

4 Claims, 10 Drawing Sheets
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ALUMINA COMPOSITE, METHOD FOR
MANUFACTURING ALUMINA COMPOSITE,
AND POLYMER COMPOSITION
CONTAINING ALUMINA COMPOSITE

TECHNICAL FIELD

The present invention relates to an alumina composite in
which alumina particles and an inorganic material are com-
pounded, a method for manufacturing an alumina composite,
and a polymer composition containing an alumina composite.

BACKGROUND ART

A composite material in which a plurality of materials are
integrated and compounded can be expected to have charac-
teristics that are not obtainable from a simple material. For
example, it is anticipated that by adding a nanocarbon such as
carbon nanotubes, for example, to various materials to make
composite materials, the mechanical performance of a matrix
can be enhanced, and electrical conduction properties, heat
conduction properties, and various other types of functional-
ity can be imparted.

A technique has therefore been proposed for obtaining a
ceramic-based nano-composite powder in which carbon
nanotubes are dispersed in an alumina matrix, by performing
a step for dispersing carbon nanotubes in a dispersion solvent
and then sonicating the dispersion solution, a step for mixing
a water-soluble metal salt capable of becoming a ceramic
matrix material with the dispersion solution, a step for soni-
cating the liquid dispersion mixture, and a step for drying/
firing the liquid dispersion mixture (see Patent Document 1).

A method has also been proposed for manufacturing a solid
alumina composite by obtaining an alumina composite pre-
cursor in which a nanocarbon is uniformly dispersed by dis-
persing the nanocarbon in a liquid aluminum compound, and
then thermally decomposing the alumina composite precur-
sor (see Patent Document 2).

PRIOR ART DOCUMENTS
Patent Documents

[Patent Document 1] JPB 4031397
[Patent Document 2] JPA 2006-327886

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

However, in the composites obtained by the techniques
disclosed in Patent Documents 1 and 2, although the inor-
ganic material is dispersed and integrated in the bulk of the
alumina, carbon material is present on the surfaces and grain
boundaries of single-crystal a-alumina particles, and a con-
figuration in which the carbon material is partially buried
inside the single-crystal a-alumina particles is not obtained.

Meanwhile, further enhancement of functioning with
regard to mechanical performance, electrical conduction
properties, heat conduction properties, and the like is antici-
pated from alumina composites.

Therefore, an object of the present invention is to provide
an alumina composite in which integration of alumina and
inorganic material is further increased, a method for manu-
facturing an alumina composite, and a polymer composition
containing an alumina composite.
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Means to Solve the Problems

In order to solve the abovementioned problems, the alu-
mina composite according to the present invention is charac-
terized in that an inorganic material is at least partially
embedded inside single-crystal ai-alumina particles which
constitute alumina particles.

In the present invention, the inorganic material is a fila-
mentous inorganic material, for example.

In the present invention, the inorganic material is a carbon
material comprising any of single-wall carbon nanotubes,
double-wall carbon nanotubes, multi-wall carbon nanotubes,
carbon nanofibers, vapor-grown carbon fibers, and fullerenes,
for example.

Preferably, in the present invention, the average particle
diameter of the alumina particles is 0.1 to 100 pm, and the
D90/D10 particle size distribution of the alumina particles is
10 or less, where D90 and D10 are the particle diameters for
a cumulative 10% and a cumulative 90%, respectively, from
the fine particle side of the cumulative particle size distribu-
tion of the alumina particles.

The method for manufacturing an alumina composite
according to the present invention is characterized in having
a dispersion liquid preparation step for dissolving an organic
additive in an alumina raw material liquid and uniformly
dispersing an inorganic material in the alumina raw material
liquid to prepare a dispersion liquid, a solidification step for
drying the dispersion liquid to obtain a solidified raw mate-
rial, and a firing step for firing the solidified raw material in a
non-oxidizing atmosphere while bringing hydrogen chloride
into contact with the solidified raw material.

In the present invention, alumina seed crystals are prefer-
ably added to the dispersion liquid in the dispersion liquid
preparation step.

In the present invention, a method can be employed in
which the alumina raw material liquid is a solution of the
alumina raw material. For example, the alumina raw material
liquid is preferably a basic aluminum chloride solution in
which basic aluminum chloride is dissolved as the alumina
raw material, and hydrogen chloride generated from the
solidified raw material as the hydrogen chloride is preferably
brought into contact with the solidified raw material in the
firing step. Through this configuration, there is no need to
separately perform an operation for bringing hydrogen chlo-
ride into contact with the solidified raw material in the firing
step.

In the present invention, a method may be employed in
which the alumina raw material liquid is a liquid in which the
alumina raw material is dispersed. For example, the alumina
raw material liquid may be a boehmite dispersion liquid in
which boehmite is dispersed as the alumina raw material, in
which case hydrogen chloride is supplied to the solidified raw
material in the firing step.

The alumina composite according to the present invention
is, for example, impregnated into a resin or rubber, and used
to manufacture a polymer composition containing the alu-
mina composite. The alumina composite according to the
present invention can also be sintered with other materials
and used to manufacture ceramics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a process diagram showing the method for manu-
facturing an alumina composite according to Example 1 of
the present invention;

FIG. 2 is an electron micrograph showing the alumina
composite according to Example 1 of the present invention;
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FIG. 3 is an electron micrograph showing the alumina
composite according to Example 2 of the present invention;
FIG. 4 is an electron micrograph showing the alumina
composite according to Example 3 of the present invention;
FIG. 5 is an electron micrograph showing the alumina
composite according to Example 4 of the present invention;
FIG. 6 is an electron micrograph showing the alumina
composite according to Example 5 of the present invention;
FIG. 7 is an electron micrograph showing the alumina
composite according to Example 6 of the present invention;
FIG. 8 is an electron micrograph showing the alumina
composite according to Example 7 of the present invention;
FIG. 9 is an electron micrograph showing the alumina
particles according to Comparative Example 2 of the present
invention; and
FIG. 10 is an electron micrograph showing the organic
additive acting as a template between alumina particles.

MODE FOR CARRYING OUT THE INVENTION

In the method for manufacturing an alumina composite
according to the present invention, a dispersion liquid prepa-
ration step is performed for dissolving an organic additive in
an alumina raw material liquid and uniformly dispersing an
inorganic material in the alumina raw material liquid to pre-
pare a dispersion liquid, a solidification step is performed for
drying the dispersion liquid to obtain a solidified raw mate-
rial, and a firing step is performed for firing the solidified raw
material in a non-oxidizing atmosphere while bringing
hydrogen chloride into contact with the solidified raw mate-
rial. As a result, an alumina composite can be obtained in
which at least a portion of a carbon material or other inorganic
material is embedded within single-crystal a-alumina par-
ticles which constitute alumina particles.

In the present invention, a material which itself can gener-
ate hydrogen chloride, such as a basic aluminum chloride
solution, or a material which itself does not generate hydro-
gen chloride can be used as the alumina raw material liquid.

In the case of a material which itself does not generate
hydrogen chloride, by supplying hydrogen chloride to the
solidified raw material in the firing step, the solidified raw
material can be sintered while hydrogen chloride is brought
into contact with the solidified raw material. More specifi-
cally, after the organic additive is dissolved in the alumina raw
material liquid, the carbon material is added, and after the
carbon material is uniformly dispersed, the product is dried to
obtain the solidified raw material. During firing of the
obtained solidified raw material in a non-oxidizing atmo-
sphere, hydrogen chloride is supplied to the solidified raw
material (gel) and caused to act on the solidified raw material
at the same time that the organic additive is caused to act as a
template (mold) for the alumina particles in the processes of
generation and growth of the single-crystal a-alumina par-
ticles. An alumina particle composite in which a carbon mate-
rial or other inorganic material is partially buried in single-
crystal a-alumina particles inside uniform alumina particles
having a narrow particle size distribution can therefore be
synthesized at a high yield.

Specifically, in the present invention, the three conditions
described below are satisfied during synthesis of the alumina
composite.

First condition: the carbon material is dispersed with extreme
uniformity in the alumina raw material liquid.

Second condition: hydrogen chloride gas is caused to act on
the solidified raw material in the processes of generation and
growth of the single-crystal a-alumina particles.
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Third condition: the organic additive is caused to act as a
template between alumina particles in the processes of gen-
eration and growth of the single-crystal a-alumina particles.

In contrast, if a basic aluminum chloride solution is used as
the alumina raw material liquid, since hydrogen chloride is
generated from the basic aluminum chloride during sintering,
during the firing step, even when the operation of bringing
hydrogen chloride into contact with the solidified raw mate-
rial is performed separately or not performed, the solidified
raw material can be sintered while hydrogen chloride is
brought into contact with the solidified raw material.

More specifically, when a basic aluminum chloride solu-
tion is used as the alumina raw material liquid, after the
organic additive is dissolved in the alumina raw material
liquid, the carbon material is added, and after the carbon
material is uniformly dispersed, the product is dried to obtain
the solidified raw material. During firing of the obtained
solidified raw material in a non-oxidizing atmosphere, hydro-
gen chloride generated from the solidified raw material (gel)
is caused to act at the same time that the organic additive is
caused to act as a template (mold) for the alumina particles in
the processes of generation and growth of the single-crystal
a-alumina particles. An alumina particle composite in which
a carbon material or other inorganic material is partially bur-
ied in single-crystal c-alumina particles inside uniform alu-
mina particles having a narrow particle size distribution can
therefore be synthesized at a high yield.

When a basic aluminum chloride solution is used as the
alumina raw material liquid, the three conditions described
below are satisfied.

First condition: the carbon material is dispersed with extreme
uniformity in the alumina raw material liquid.

Second condition: hydrogen chloride gas generated from the
basic aluminum chloride itself is caused to act on the solidi-
fied raw material in the processes of generation and growth of
the single-crystal a-alumina particles.

Third condition: the organic additive is caused to act as a
template between alumina particles in the processes of gen-
eration and growth of the single-crystal a-alumina particles.

Consequently, an alumina particle composite in which a
carbon material or other inorganic material is partially buried
inside single-crystal a-alumina particles can be synthesized
at a high yield, and an alumina composite can be obtained in
which the average particle diameter of the alumina particles is
0.1 to 100 um, and the D90/D10 particle size distribution of
the alumina composite is 10 or less, where D90 and D10 are
the particle diameters for a cumulative 10% and a cumulative
90%, respectively, from the fine particle side of the cumula-
tive particle size distribution of the alumina particles.

A method for dispersal by bead milling (ball milling) is
preferred for use as the method for dispersing the inorganic
material. The milling may be performed using a tumbling
mill, a planetary mill, a vibrating mill, a medium-stirring-type
mill, or the like. The smaller the diameter of the beads (balls)
is, the greater the dispersive effect and the shorter the disper-
sion time can be. The material of the beads used for dispersion
is not particularly limited, but alumina beads are preferred
when incorporation of wear debris from the beads is consid-
ered. A method for dispersing the carbon material or other
inorganic material in a liquid aluminum compound by ultra-
sonic dispersion may also be used. Dispersion by ultrasonic
waves may be performed by a batch process or a continuous
process. The dispersive effect increases and the dispersion
time decreases as the output of the irradiated ultrasonic waves
is increased. Dispersion by bead milling and dispersion by
ultrasonic irradiation may also be combined. The degree of
dispersion of the inorganic material can be arbitrarily
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changed according to purpose, etc., by changing the bead
milling or ultrasonic irradiation time. The dispersion of the
inorganic material is preferably uniform from a macro view-
point, but from a micro viewpoint, the presence of fine aggre-
gations may sometimes be preferred according to the pur-
pose. For example, when nanocarbon is added to a matrix
material having no electrical conductivity to impart electrical
conductivity, when the nanocarbon is completely dispersed,
the nanocarbon isolates in the matrix, and contact between
nanocarbon units occurs only occasionally if at all. Electrical
conductivity is therefore not obtained, or a large amount of
nanocarbon must be added in order to impart electrical con-
ductivity. When aggregates occur that are fine on a micro
level, a network readily forms among aggregated particles,
and electrical conductivity can be imparted even when the
amount of added material is small.

The solidified raw material in which the dispersed inor-
ganic material is solidified is obtained by solidifying the
dispersion liquid in which the inorganic material is dispersed
by the dispersion process. When the alumina raw material is
an inorganic aluminum salt such as aluminum chloride, alu-
minum sulfate, or aluminum nitrate, for example, methods for
solidification include solidification by heat concentration,
and solidification by adding alkali to form a gel. When the
alumina raw material is an aluminum alkoxide, solidification
or gelling can be performed by a method of dealcoholization
by heating, or by a method of hydrolysis by adding water.
Methods for solidification when the alumina raw material is
an aluminum salt include gelling by adding an alkali such as
ammonia, gelling by adding ammonium sulfate, ammonium
phosphate, or the like as a gelling agent while maintaining the
volume of the solution, or gelling and solidification by con-
densation using thermal dehydration. Dehydration methods
include a method for placing the dispersion liquid in a vat or
other container and drying the dispersion liquid using a fan
drying machine, a spray-drying method, a freeze-drying
method, and other methods.

A filamentous inorganic material such as carbon nano-
tubes, silicon carbide whiskers, silicon nitride whiskers, tita-
nium nanotubes, or the like can be used as the inorganic
material in the present invention. A carbon material compris-
ing any of single-wall carbon nanotubes, double-wall carbon
nanotubes, multi-wall carbon nanotubes, carbon nanofibers,
vapor-grown carbon fibers, and fullerenes, for example, can
also be used as the inorganic material. Carbon nanotubes or
fullerenes can be used as the nanocarbon. The shape of the
carbon nanotubes is a one-dimensional cylinder in which a
graphene sheet constituted of six-member rings of carbon
atoms is rolled. A carbon nanotube having a structure formed
by a single graphene sheet is referred to as a single-wall
nanotube, and the diameter thereof is approximately 1 nm. A
carbon nanotube having a structure formed by multiple layers
of graphene sheets is referred to as a multi-wall carbon nano-
tube, the diameter thereof is several tens of nanometers, and
examples thereof having larger diameters are known as car-
bon nanofibers and the like. Any type of carbon nanotubes
may beused in the present invention, and the diameter, length,
aspect ratio, and other characteristics of the nanotubes are not
particularly limited. There are numerous types of fullerenes,
such as C60 and C70 fullerenes comprising 60 or 70 carbon
atoms, dimers and trimers in which two or three C60
fullerenes are bonded, and other fullerenes, but the type of
fullerene used in the present invention is not particularly
limited. Two or more types of these inorganic materials may
also be used in combination.
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(Alumina Raw Material)

The alumina raw material in the present invention is not
necessarily limited, and a so-called aluminum compound is
used. In particular, an aluminum compound containing chlo-
rine and configured solely from a single liquid having a high
aluminum concentration is preferred. When the aluminum
concentration is low, the yield of alumina is reduced. When
transition alumina, aluminum hydroxide, boechmite, or the
like is used as the alumina raw material, since the three
components of alumina raw material microparticles, the car-
bon material or other inorganic material, and a solvent are
included, the carbon material or other inorganic material is
difficult to uniformly disperse, and it is difficult to perform
compounding so that the carbon material or other inorganic
material is embedded inside the generated single-crystal
a-alumina particles. However, in the case of an alumina raw
material liquid such as boehmite sol in which fine particles are
dispersed, since the carbon material or other inorganic mate-
rial can be uniformly dispersed, compounding can be per-
formed so that the carbon material or other inorganic material
is embedded inside the generated single-crystal a-alumina
particles. The aluminum compound preferably contains chlo-
rine, in which case hydrogen chloride can be efficiently sup-
plied in the firing step.

The solvent is not particularly limited, but water is pre-
ferred. Dispersion or drying solidification of the carbon mate-
rial or other inorganic material is relatively easy, and there is
also no flammability or other danger. In the present invention,
the aluminum compound is an aluminum salt, for example.
Basic aluminum chloride is particularly preferred for use.
This basic aluminum chloride can be represented by the gen-
eral formula Al,(OH), Cl,_,, (where n=3), for example.
(Organic Additive)

FIG. 10 is an electron micrograph (10,000x magnification)
showing the organic additive acting as a template between
alumina particles. The organic additive has the two actions
described below. First, the organic additive enhances the dis-
persibility of the carbon material or other inorganic material
in the aluminum compound, and enables the carbon material
or other inorganic material to be incorporated into and con-
jugated with the single-crystal c.-alumina particles by decom-
posing and simplifying aggregation of the carbon material or
other inorganic material. The inorganic additive also changes
to a structure primarily comprising carbon in the temperature
range in which alumina particles are generated, and acts as a
template (mold) for alumina particles, whereby uniform alu-
mina particles having a narrow size distribution are gener-
ated.

The organic additive is not particularly limited insofar as
the organic additive exhibits the effects described above, but
the organic additive may be a surfactant, a quaternary ammo-
nium salt, a polyvinyl alcohol, aqueous cellulose, glycerin,
glycol, polyethylene glycol, and organic acid, or the like.

Using a basic aluminum chloride solution as an example,
the amount of the organic additive added is preferably in the
range of 0.1 to 10 wt % (with respect to the basic aluminum
chloride solution), more preferably 0.3 to 3.0 wt %. When too
little of the organic additive is added, the carbon material or
other inorganic material becomes difficult to disperse in the
basic aluminum chloride solution, and the effect of the
organic additive as a template during firing decreases. When
the added amount is too great, growth of the a-alumina par-
ticles is inhibited, and there is a risk of an increased amount of
residue of the organic additive after firing.

(Hydrogen Chloride)

In the firing step, it is preferred that adequate hydrogen

chloride for the alumina be brought into contact when the
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hydrogen chloride is brought into contact with the solidified
raw material. The source or method of supplying hydrogen
chloride gas is not particularly limited insofar as hydrogen
chloride gas can be introduced to the solidified raw material.
Cylinder gas, or a solid or liquid chlorine compound, for
example, can be used as the supply source. In this respect,
since adequate hydrogen chloride is supplied in the process of
generation or growth of alumina particles when basic alumi-
num chloride is used, an amount of 34 wt % in terms of

8

FIG. 2 is an electron micrograph showing the alumina com-
posite according to Example 1 of the present invention. FI1G.
3 is an electron micrograph showing the alumina composite
according to Example 2 of the present invention. FIG. 4 is an
electron micrograph showing the alumina composite accord-
ing to Example 3 of the present invention. FIG. 5 is an elec-
tron micrograph showing the alumina composite according to
Example 4 of the present invention. FIG. 6 is an electron
micrograph showing the alumina composite according to

chlorine Yltl%ieSpeCt to ah;rlrlng? can bf;jet.t;’ ObFaﬁn satisfac- 10 Example 5 of the present invention. FIG. 7 is an electron
tory results. The amount of hydrogen chloride with respectto micrograph showing the alumina composite according to
the total volume of atmospheric gas is preferably 1 vol % or - - .
o . Example 6 of the present invention. FIG. 8 is an electron
greater, and more preferably 10 vol % or greater. Through this . . . . .
. A o micrograph showing the alumina composite according to
configuration, hydrogen chloride in the amount of 1 wt % or . . .
o - - Example 7 of the present invention. FIG. 9 is an electron
greater, preferably 10 wt % or greater, in terms of chlorine 15 b showin the alumi dicl ding to C
with respect to alumina can be brought into contact. mlcrggrap showing the alumina pe} 1c e§ according to - om-
parative Example 2 of the present invention. The magnifica-
EXAMPLES tion in FIGS. 2(a), 2(b), 6, 8, and 9(a) is 12,000x, the mag-
nification in FIG. 3 is 50,000x, the magnification in FIGS. 4,
Examples 1 through 7 and Comparative Examples 1 and 2 20 5, and 7 is 30,000x, and the magnification in FIG. 9(b) is
will next be described. The main conditions and the dispers- 2,500x.
TABLE 1
VGCF VGCF Organic  Alumina Firing
Dispersion diameter dispersibility additive seed crystals temperature
method (nm) in gel (wt %) (Wt %) (°C)
Example 1 Ultrasonic 150 ® 1.5 0 1100
homogenizer
Example 2  Ultrasonic 150 ® 1.5 0.5 950
homogenizer
Example 3 Ultrasonic 15 O 1.5 0.5 950
homogenizer
Example4  Nanomizer 15 ® 1.5 0.5 950
Example 5  Nanomizer 15 ® 1.5 0 1100
Example 6  Planetary 15 O 1.5 0.5 950
ball mill
Example 7 Nanomizer 15 O 1.5 0 1100
Comparative Ultrasonic 150 X 0 1100
Example 1 homogenizer
Comparative Ultrasonic 150 A 1.5 0 1200
Example2  homogenizer
TABLE 2
Volume
Average resistivity of
particle VGCF content VGCF resin composite
diameter (um) D90/D10 (wt %) compounding (Q-cm)
Example 1 8.3 2.4 4.7 c] 1.8x 10°
Example 2 1.5 3.4 4.2 O 2.5x% 104
Example 3 1.2 4.1 15 ) 23x10°
Example 4 1.2 3.5 1.5 ® 3.9%10%
Example 5 8.3 2.3 2.0 c] 9.9 x 10!
Example 6 0.3 37.9 1.9 A 1.2x10°
Example 7 4.7 1.9 2.1 ) 9.4 x 10°
Comparative — — — — —
Example 1
Comparative 48.9 24 0.2 X —
Example 2
ibility and other characteristics of the vapor-grown carbon Example 1
fibers (VGCF) in the gel in Examples 1 through 7 and Com- 60

parative Examples 1 and 2 are shown in Table 1. The results of
evaluating the particles obtained in Examples 1 through 7 and
Comparative Examples 1 and 2 are shown in Table 2.

FIGS. 2 through 9 are electron micrographs showing the
alumina composite according to the examples of the present
invention, and electron micrographs showing the alumina
particles according to comparative examples. Specifically,

FIG. 11is a process diagram showing the method for manu-
facturing an alumina composite according to Example 1 of
the present invention. As shown in FIG. 1, in the dispersion
liquid preparation step ST1 in the present embodiment, 1.5 wt
% of EMULGEN A-60 (polyoxyethylene styrenated phenyl
ether, manufactured by Kao Corporation) as an organic addi-
tive was first added to and dissolved in a basic aluminum
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chloride aqueous solution (compositional formula: Al,(OH)
5Cl,/aluminum oxide concentration: 23.5%, basicity: 83%)
as an alumina raw material liquid. Then, 5.0 wt % (with
respect to aluminum oxide) of VGCF (vapor-grown carbon
fibers; diameter: 150 nm; manufactured by Showa Denko K.
K.) was added to the solution and uniformly dispersed using
an ultrasonic homogenizer, and a dispersion liquid was
obtained.

Then, in the solidification step ST2, the dispersion liquid
having been thinly spread onto a flat sheet was dried at 60° C.,
and a gel (solidified raw material) having a thickness of
approximately 1 mm was obtained.

Then, in the firing step ST3, the obtained gel was ground
and subsequently classified to a size of 250 um or less, and the
resultant gel powder was loaded into a firing container. The
container was covered and placed in a semi-sealed state. The
gel powder was then fired in a reductive atmosphere (non-
oxidizing atmosphere) using a firing furnace under conditions
of'a heat-up time of five hours and a temperature of 1100° C.
maintained for two hours. Residual organic substances and
non-compounded excess VGCF were removed by washing
the obtained powder in ethanol, and the intended composite
particles (alumina composite) were obtained.

When the composite particles were observed using an elec-
tron microscope, it was confirmed that a plurality of VGCF
were incorporated inside single-crystal alumina particles
having a size of approximately 5 pm and compounded so as to
penetrate through the particles, as shown in FIGS. 2(a) and
2(b).

The obtained composite particles were fired for 30 minutes
at 950° C. in air, and after the VGCF in the composite particles
were removed, the VGCF content was calculated by measur-
ing the decrease in weight. The resulting VGCF content was
4.7 wt % (with respect to aluminum oxide). The alumina
particles from which the VGCF had been removed by firing
were measured as having an average particle diameter of 8.3
um using a laser diffraction particle size distribution analyzer.
The alumina particles had a sharp particle size distribution,
and the D90/D10 ratio was 2.4.

A resin composite (polymer composition containing the
alumina composite) was then produced by mixing 100 parts
by weight of the composite particles and 100 parts by weight
of'epoxy resin, and heating the mixture at 130° C. The volume
resistivity thereof was measured as being 1.8x10° ©-cm, and
the resin composite was electrically conductive.

Example 2

In the dispersion liquid preparation step ST1, 1.5 wt % of
EMULGEN A-60 (polyoxyethylene styrenated phenyl ether)
as an organic additive was first added to and dissolved in a
basic aluminum chloride aqueous solution (aluminum oxide
concentration: 23.5%, basicity: 83%) as an alumina raw
material liquid. Then, 5.0 wt % (with respect to aluminum
oxide) of VGCF (vapor-grown carbon fibers; diameter: 150
nm; manufactured by Showa Denko K. K.) was added to the
solution and uniformly dispersed using an ultrasonic homog-
enizer, and a dispersion liquid was obtained. Meanwhile,
alumina powder (average particle diameter: 0.15 pm) as seed
crystals was mixed in an ethanol solvent in a ratio of 30 wt %
and processed for 30 minutes in a planetary ball mill to form
a slurry. The slurry was then added to the dispersion liquid at
a ratio of 0.5 wt % in terms of aluminum oxide, then stirred,
and a uniform dispersion liquid was obtained using an ultra-
sonic homogenizer.

Then, in the solidification step ST2, the dispersion liquid
having been thinly spread onto a flat sheet was dried at 60° C.,
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and a gel (solidified raw material) having a thickness of
approximately 1 mm was obtained.

Then, in the firing step ST3, the obtained gel was ground
and subsequently classified to a size of 250 um or less, and the
resultant gel powder was loaded into a firing container. The
container was covered and placed in a semi-sealed state. With
a reductive atmosphere inside the firing furnace, the gel pow-
der was then fired under conditions of a heat-up time of five
hours and a temperature of 950° C. maintained for two hours.
Residual organic substances and excess VGCF were removed
by washing the obtained powder in ethanol, and the intended
composite particles (alumina composite) were obtained.

When the composite particles were observed using an elec-
tron microscope, it was confirmed that VGCF were com-
pounded so as to penetrate through the inside of single-crystal
alumina particles having a size of approximately 1 pum, as
shown in FIG. 3.

The composite particles were fired for 30 minutes at 950°
C., and after the VGCF in the composite particles were
removed, the VGCF content was calculated by measuring the
decrease in weight. The resulting VGCF content was 4.2 wt
%.

The alumina particles from which the VGCF had been
removed by firing were measured as having an average par-
ticle diameter of 1.5 um using a laser diffraction particle size
distribution analyzer. The alumina particles had a sharp par-
ticle size distribution, and the D90/D10 ratio was 3.4.

A resin composite (polymer composition containing the
alumina composite) was then produced by mixing 100 parts
by weight of the composite particles and 100 parts by weight
of'epoxy resin, and heating the mixture at 130° C. The volume
resistivity thereof was measured as being 2.5x10* Q-cm, and
the resin composite was electrically conductive.

Example 3

A powder of composite particles (alumina composite) was
obtained by the same method as in Example 2, except that the
diameter of the added VGCF was 15 nm, and the added
quantity of VGCF was 1.5 wt % (with respect to aluminum
oxide).

When the composite particles were observed using an elec-
tron microscope, it was confirmed that VGCF were com-
pounded so as to be embedded inside single-crystal alumina
particles having a size of approximately 1 um, as shown in
FIG. 4.

The composite particles were fired for 30 minutes at 950°
C., and after the VGCF in the composite particles were
removed, the VGCF content was calculated by measuring the
decrease in weight. The resulting VGCF content was 1.5 wt
%.

The alumina particles from which the VGCF had been
removed by firing were measured as having an average par-
ticle diameter of 1.2 um using a laser diffraction particle size
distribution analyzer. The alumina particles had a sharp par-
ticle size distribution, and the D90/D10 ratio was 4.1.

A resin composite (polymer composition containing the
alumina composite) was then produced by mixing 100 parts
by weight of the composite particles and 100 parts by weight
of'epoxy resin, and heating the mixture at 130° C. The volume
resistivity thereof was measured as being 2.3x10° Q-cm, and
the resin composite was electrically conductive.

Example 4

In the dispersion liquid preparation step ST1, 1.5 wt % of
EMULGEN A-60 (polyoxyethylene styrenated phenyl ether)
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as an organic additive was first added to and dissolved in a
basic aluminum chloride aqueous solution (aluminum oxide
concentration: 23.5%, basicity: 83%) as an alumina raw
material liquid. Then, the same seed crystal slurry as in
Example 2 was added in a ratio of 0.5 wt % in terms of
aluminum oxide while the mixture was stirred, and a uniform
solution was obtained. Then, 1.5 wt % (with respect to alu-
minum oxide) of VGCF (diameter: 15 nm) was added, dis-
persion was subsequently performed using a nanomizer
(manufactured by Yoshida Kikai Co., L.td.), and a uniform
dispersion liquid was obtained.

A powder of composite particles (alumina composite) was
obtained by the same method as in Example 2 with regard to
the solidification step ST2 and subsequent steps.

When the composite particles were observed using an elec-
tron microscope, it was confirmed that VGCF were com-
pounded so as to be embedded inside single-crystal alumina
particles having a size of approximately 1 um, as shown in
FIG. 5.

The composite particles were fired for 30 minutes at 950°
C., and after the VGCF in the composite particles were
removed, the VGCF content was calculated by measuring the
decrease in weight. The resulting VGCF content was 1.5 wt
%.

The alumina particles from which the VGCF had been
removed by firing were measured as having an average par-
ticle diameter of 1.2 um using a laser diffraction particle size
distribution analyzer. The alumina particles had a sharp par-
ticle size distribution, and the D90/D10 ratio was 3.5.

A resin composite (polymer composition containing the
alumina composite) was then produced by mixing 100 parts
by weight of the composite particles and 100 parts by weight
of'epoxy resin, and heating the mixture at 130° C. The volume
resistivity thereof was measured as being 3.9x10* Q-cm, and
the resin composite was electrically conductive.

Example 5

A powder of composite particles (alumina composite) was
obtained by the same method as in Example 4, except that a
seed crystal slurry was not added and the firing temperature
was 1100° C.

When the composite particles were observed using an elec-
tron microscope, it was confirmed that VGCF were com-
pounded so as to be embedded inside single-crystal alumina
particles having a size of approximately 5 um, as shown in
FIG. 6.

The composite particles were fired for 30 minutes at 950°
C., and after the VGCF in the composite particles were
removed, the VGCF content was calculated by measuring the
decrease in weight. The resulting VGCF content was 2.0 wt
%.

The alumina particles from which the VGCF had been
removed by firing were measured as having an average par-
ticle diameter of 8.3 um using a laser diffraction particle size
distribution analyzer. The alumina particles had a sharp par-
ticle size distribution, and the D90/D10 ratio was 2.3.

A resin composite (polymer composition containing the
alumina composite) was then produced by mixing 100 parts
by weight of the composite particles and 100 parts by weight
of'epoxy resin, and heating the mixture at 130° C. The volume
resistivity thereof was measured as being 9.9x10"' Q-cm, and
the resin composite was electrically conductive.

Example 6

In the dispersion liquid preparation step ST1, 1.5 wt % of
EMULGEN A-60 (polyoxyethylene styrenated phenyl ether)
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as an organic additive was first added to and dissolved in a
basic aluminum chloride aqueous solution (aluminum oxide
concentration: 23.5%, basicity: 83%) as an alumina raw
material liquid. Then, the same seed crystal slurry as in
Example 2 was added in a ratio of 0.5 wt % in terms of
aluminum oxide while the mixture was stirred, and a uniform
solution was obtained. Then, 1.5 wt % (with respect to alu-
minum oxide) of VGCF (diameter: 15 nm) was added, dis-
persion was subsequently performed for 30 minutes using a
planetary ball mill, and a uniform dispersion liquid was
obtained.

A powder of composite particles (alumina composite) was
obtained by the same method as in Example 2 with regard to
the solidification step ST2 and subsequent steps.

When the composite particles were observed using an elec-
tron microscope, it was confirmed that VGCF were com-
pounded so as to be embedded inside single-crystal alumina
particles having a size of approximately 0.3 um, as shown in
FIG. 7.

The composite particles were fired for 30 minutes at 950°
C., and after the VGCF in the composite particles were
removed, the VGCF content was calculated by measuring the
decrease in weight. The resulting VGCF content was 1.9 wt
%.

The average particle diameter of the composite particles
was 0.3 um as measured by electron microscope. The D90/
D10 ratio calculated using a laser diffraction particle size
distribution analyzer was 37.9.

A resin composite (polymer composition containing the
alumina composite) was then produced by mixing 100 parts
by weight of the composite particles and 100 parts by weight
of'epoxy resin, and heating the mixture at 130° C. The volume
resistivity thereof was measured as being 1.2x10° Q-cm, and
the resin composite was electrically conductive.

Example 7

In the dispersion liquid preparation step ST1, 1.5 wt % of
EMULGEN A-60 (polyoxyethylene styrenated phenyl ether)
as an organic additive was first added to and dissolved in
boehmite sol (trade name: ALUMINA SOL 100, manufac-
tured by Nissan Chemical Industries, Ltd., aluminum oxide
concentration: 10%) as an alumina raw material liquid, and a
uniform alumina raw material liquid was obtained. Then, 1.5
wt % (with respect to aluminum oxide) of VGCF (diameter:
15 nm) was added, dispersion was subsequently performed
using a nanomizer (manufactured by Yoshida Kikai Co.,
Ltd.), and a uniform dispersion liquid was obtained.

By the solidification step ST2 and subsequent steps, a
powder of composite particles (alumina composite) was
obtained by the same method as in Example 2, except that the
firing temperature was set to 1100° C. In the present example,
however, in order to bring the solidified raw material and
hydrogen chloride into contact with each other in the firing
step, a container in which a basic aluminum chloride gel had
been placed was provided inside the firing container, and
firing was performed so as to give the same hydrogen chloride
concentration as in Example 1.

When the composite particles were observed using an elec-
tron microscope, it was confirmed that VGCF were com-
pounded so as to be embedded inside single-crystal alumina
particles having a size of approximately 2.5 um, as shown in
FIG. 8.

The composite particles were fired for 30 minutes at 950°
C., and after the VGCF in the composite particles were
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removed, the VGCF content was calculated by measuring the
decrease in weight. The resulting VGCF content was 2.1 wt
%.

The alumina particles from which the VGCF had been
removed by firing were measured as having an average par-
ticle diameter of 4.7 um using a laser diffraction particle size
distribution analyzer, and the D90/D10 ratio thereof was 1.9.

A resin composite (polymer composition containing the
alumina composite) was then produced by mixing 100 parts
by weight of the composite particles and 100 parts by weight
of'epoxy resin, and heating the mixture at 130° C. The volume
resistivity thereof was measured as being 9.4x10* Q-cm, and
the resin composite was electrically conductive.

Comparative Example 1
Without Organic Substance for Template

An experiment was conducted using the same method as in
Example 1, except that EMULGEN A-60 was notadded to the
basic aluminum chloride aqueous solution. However, it was
difficult to disperse VGCF in the basic aluminum chloride
aqueous solution, and the experiment was stopped.

Comparative Example 2
Aluminum Hydroxide Raw Material

Aluminum hydroxide (B52, manufactured by Nippon
Light Metal Co., Litd.) was dispersed in deionized water to
prepare a slurry having an aluminum oxide concentration of
8.0%. A powder was obtained by the same method as in
Example 1 using this slurry. In the present example, however,
the solidified raw material and hydrogen chloride were not
brought into contact in the firing step.

As shown in FIGS. 9(a) and (b), when the particles were
observed using an electron microscope, the presence of
coarse alumina particles having a size of several tens of
microns was confirmed, but almost no VGCF was incorpo-
rated in the alumina particles.

The composite particles were fired for 30 minutes at 950°
C., and after the VGCF in the composite particles were
removed, the VGCF content was calculated by measuring the
decrease in weight. The resulting VGCF content was 0.2 wt
%.

The alumina particles from which the VGCF had been
removed by firing were measured as having an average par-
ticle diameter 0f48.9 um using a laser diffraction particle size
distribution analyzer, and the D90/D10 ratio thereof was 2.4.

A resin composite was then produced by mixing 100 parts
by weight of the composite particles and 100 parts by weight
of'epoxy resin, and heating the mixture at 130° C. Measuring
the volume resistivity thereof showed no electrical conduc-
tivity.

Other Examples
The alumina matrix in the present invention may contain

alkali metals, alkaline earth metals, rare-earth elements, tran-
sition metals, and other elements. Silicon carbide whiskers,
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silicon nitride whiskers, titanium nanotubes, and the like may
also be used as the inorganic material.

INDUSTRIAL APPLICABILITY

In the alumina composite according to the present inven-
tion, in uniform alumina particles having a narrow particle
size distribution, a carbon material or other inorganic material
is at least partially embedded inside single-crystal a-alumina
particles which constitute the alumina particles, and is com-
pletely integrated and compounded therewith. The obtained
alumina composite is therefore provided with characteristics
otf’both the inorganic material and the alumina particles. In the
obtained alumina composite, the formation of strong aggre-
gates of inorganic materials with each other is prevented even
for inorganic materials such as carbon materials, which are
generally considered to be difficult to disperse in water and
other solvents, or in resins, metals, ceramics, and other matri-
ces, and the alumina composite can easily be dispersed in
water and other solvents, or in resins, metals, ceramics, and
other matrices. An advantageous effect is therefore gained in
that the characteristics of alumina and the inorganic material
can be uniformly imparted to water and other solvents, or to
resins, metals, ceramics, and other matrices. Consequently,
when a carbon material, for example, is used as the inorganic
material, novel materials can be applied having numerous
features, such as electrical conduction properties, heat con-
duction properties, and the strength, wear resistance, heat
resistance, and ease of dispersion of alumina. The present
invention is therefore extremely useful for application in resin
additives, rubber additives, ceramic additives, metal addi-
tives, and other fillers for imparting functionality, in additives
for cells (Li-ion secondary cells, capacitors, fuel cells, and the
like), and in abrasives, raw materials for sealants, raw mate-
rials for porous bodies, and other applications.

The invention claimed is:

1. An alumina composite comprising:

single-crystal c-alumina particles constituting alumina

particles; and

a filamentous inorganic material at least partially
embedded inside the single-crystal a-alumina par-
ticles.

2. The alumina composite according to claim 1, wherein
the inorganic material is a carbon material selected from
single-wall carbon nanotubes, double-wall carbon nanotubes,
multi-wall carbon nanotubes, carbon nanofibers, and vapor-
grown carbon fibers.

3. The alumina composite according to claim 1 or 2,
wherein

an average particle diameter of the alumina particles is 0.1

to 100 um, and

a D90/D10 particle size distribution of the alumina par-

ticles is 10 or less, where D90 and D10 are particle
diameters for a cumulative 10% and a cumulative 90%,
respectively, from a fine particle side of a cumulative
particle size distribution of the alumina particles.

4. A polymer composite containing an alumina composite,
wherein

the alumina composite is one according to claim 1 or 2, and

is impregnated into a resin or rubber.
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